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[57] ABSTRACT 

Apath-oriented approach is provided to determine surviving 
paths in a decoder. The paths that are retained as the 

surviving paths are some number, M, of the paths Which 
have the smallest path metrics, even if tWo or more of those 
paths come into a given state. This approach provides 
signi?cantly improved performance in at least those appli 
cations in Which branch metrics are a function of the 

surviving path from Which the branch emanates. 
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PATH-ORIENTED DECODER FOR SIGNAL 
DEPENDENT NOISE 

TECHNICAL FIELD 

This invention relates to the decoding of digital informa 
tion transmitted over a communication channel With signal 
dependent noise, such as intersymbol interferences. 

BACKGROUND OF THE INVENTION 

Viterbi decoders are Well knoWn in the art as maximum 
likelihood decoders Which can be used in systems that 
employ error correcting codes, such as convolutional codes, 
trellis codes, and a variety of other codes, all of Which can 
be generally characteriZed by a so-called trellis. The basic 
concept of the Viterbi decoder can be described as correlat 
ing all possible transmitted sequences With the received 
sequence and then choosing as the “best” or “maximum 
likelihood” path the sequence Whose correlation is maxi 
mum. 

In particular, the trellis encoder in a transmitting modem 
proceeds through a sequence of so-called states Which, in 
turn, de?nes a corresponding sequence of signal point sub 
sets of a signal constellation. Indeed, a feature of trellis 
coding is that, at any point in time, only the points in 
particular subsets of the constellation are alloWed to be 
transmitted, depending on the state of the trellis encoder. 
A trellis associated With the particular trellis code being 

utiliZed by the modem consists of a sequence of concatena 
tions of a so-called trellis diagram, or state transition dia 
gram. The trellis diagram de?nes, for each code state, Which 
next state or states the encoder is alloWed to transition to. 
The alloWable transitions from one state to a next, subse 
quent state are limited. Each such transition is associated 
With one of the constellation subsets, such that When the 
encoder transitions from a particular current state to one of 
the alloWed next states, a signal point Will be output by the 
transmitter Which is taken from the subset associated With 
that state transition. Each possible transition from one state 
to a next state is called a branch. Each branch, therefore, 
corresponds to a subset. A sequence of signal points selected 
from a sequence of interconnected branches is called a path 
through the trellis. 

The transmitted signal points are displaced in signal space 
due to noise and channel-induced distortion, and the receiver 
uses the Viterbi decoder, operating on the received version 
of the transmitted signal points, to perform the aforemen 
tioned maximum likelihood sequence detection. Based on 
the received version of the transmitted signal points and the 
knoWledge of the trellis code used by the encoder, the 
Viterbi decoder determines the most likely sequence of 
signal points that Was actually transmitted. The decoder 
performs this function by forming a tentative decision as to 
What Was the most likely transmitted signal point that Would 
have caused the encoder to transition into a next state of the 
code. These tentative decisions are signal points along the 
so-called “surviving paths” Which are certain paths through 
the trellis. 
More particularly, the Viterbi decoder forms the surviving 

paths by keeping track of so-called “metrics”. A branch 
metric, a function of the received version of the signal point, 
is calculated for each current-to-next-state transition asso 
ciated With each branch in the trellis diagram. More 
particularly, the branch metric for each branch is determined 
by the distance betWeen the received signal point and the 
closest signal point in the subset associated With that branch. 
Every path through the trellis Which leads into a state has an 
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2 
associated path metric Which is a function of the sum of the 
branch metrics for the branches that make up that particular 
path. Further, a path entering a current state may be extended 
through the trellis and enter a next state by including a 
branch representing an alloWed transition from the current 
state to the next state. The path metric for such an extended 
path is a function of the sum of (a) the path metric associated 
With the path as it entered the current state and (b) the branch 
metric associated With the included branch. 

The decoder compares the path metrics of the different 
paths entering a state and retains as one of the aforemen 
tioned surviving paths the path With the smallest path metric. 
All other paths entering that state are discarded. The sur 
viving paths are used by the decoder to make a ?nal decision 
as to the value of an earlier transmitted signal point. 

Prior to being applied to the Viterbi decoder, each 
received signal point is typically processed to compensate, 
at least to some extent, for the aforementioned channel 
impairments. It is Well knoWn, for example, to use a 
so-called feedforWard equaliZer to remove at least a portion 
of the so-called intersymbol inteference (“ISI”) component 
of the received signal. The ISI-compensated signal point is 
then used in calculating the branch metric for each branch. 
Although feedforWard equaliZers Work Well for channels in 
Which the 151 is relatively mild, severe 151 is typically more 
effectively compensated for using a so-called decision feed 
back equaliZer (“DFE”). Such an equaliZer generates an 
estimate of the ISI component of a received signal point as 
a function of decisions as to the values of previously 
received signal points. As noted above, the nature of Viterbi 
decoding is such hoWever that those decisions have not yet 
been made at the time that the ISI estimate is needed. US. 
Pat. No. 5,056,117 issued to Gitlin et al. addresses this issue. 
In the joint DFE/Viterbi decoder disclosed therein, a sepa 
rate DFE is provided for each surviving path and the 
“decisions” used by each DFE are the aforementioned 
tentative decisions along that surviving path. 

SUMMARY OF THE INVENTION 

It Will be appreciated from the foregoing that each branch 
metric in the joint DFE/Viterbi decoder arrangement shoWn 
in the above-cited ’117 patent is not only a function of the 
received signal point but also of the surviving path from 
Which the branch in question emanates. The present inven 
tion is directed to a technique Which provides signi?cantly 
improved decoding in at least those applications in Which 
that is the case. 

In accordance With the invention, the paths that are 
retained as the surviving paths in a decoder are some 
number, M, of the paths Which have the smallest path 
metrics, even if tWo or more of those paths come into a given 
state. The value of M can be as feW as tWo and as large as 
desired. M can even be larger than the number of code states, 
as long as the resulting level of implementational complex 
ity is acceptable. I have discovered that, at least in the 
above-mentioned type of applications, this decoder, referred 
to herein as a “path-oriented” decoder, Will provide a better 
error rate performance than the above-described prior art 
“state-oriented” Viterbi decoder for a comparable level of 
decoder complexity. Alternatively, a comparable level of 
error rate performance can be achieved With a loWer level of 
decoder complexity. 

Thus, contrasting the invention With the prior art, it Will 
be recalled that in the state-oriented Viterbi decoder of the 
prior art, for every successive signal point received by the 
Viterbi decoder, there is only one surviving path for a 
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state-namely the so-called “candidate path” entering that 
state With the smallest path metric. On the other hand, in the 
path-oriented decoder of the present invention, for every 
successive signal point received by the decoder, the surviv 
ing paths are those among all candidate paths With the 
smallest path metrics, regardless of the states the surviving 
paths are entering. That is, it is possible under this approach 
to retain more than one path entering any one particular state 
or none of the paths entering that state. 

The invention may also be contrasted With prior art Where, 
in order to reduce decoder complexity, a reduced-state 
state-oriented Viterbi decoder is used in Which the surviving 
paths leading into only a reduced number of states are 
retained. In particular, once the surviving path into each state 
has been determined and all other paths discarded, only a 
certain number of the one-per-state surviving paths are 
retained. Thus, such arrangements, unlike the present 
invention, do not select as the surviving paths the paths With 
the loWest path metrics overall, but rather continue to 
incorporate the prior art approach of selecting as at least a 
potential surviving path the path With the loWest path metric 
entering each state. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 shoWs a generaliZed block diagram of a commu 
nication system in Which the present invention is illustra 
tively used. 

FIG. 2 shoWs an illustrative embodiment for a trellis 
encoder used in the communication system of FIG. 1. 

FIG. 3 shoWs an illustrative thirty-tWo signal point con 
stellation. 

FIG. 4 shoWs a trellis diagram that represents the opera 
tion of the trellis encoder of FIG. 2. 

FIG. 5 shoWs a portion of the trellis corresponding to the 
trellis diagram of FIG.4. 

FIG. 6 provides a functional vieW, at a particular point in 
time, of a prior art approach to a joint DFE/decoder. 

FIG. 7 shoWs a trellis diagram illustratively used in the 
DFE/decoder of FIG. 6. 

FIG. 8 shoWs an illustrative embodiment for the decoder 
portion of the joint DFE/decoder of FIG. 1 that embodies the 
principles of the invention. 

FIG. 9 is a combined block diagram/functional descrip 
tion vieW of the DFE/decoder of FIG. 1 Which incorporates 
the decoder of FIG. 8. 

FIGS. 10—11 shoW the performance for tWo different ISI 
channels of tWo-dimensional trellis-coded modulation With 
the M-Path Joint DFE/Decoder embodying the principles of 
the present invention as opposed to prior art approaches. 

DETAILED DESCRIPTION 

A model of a communication system in Which the inven 
tion is illustratively used is shoWn in FIG. 1. A sequence of 
bits generated from an information source 100 (such as a PC 
or computer terminal) is input to a transmitting modem 101 
and, in particular, to a scrambler 102 thereof, Which ran 
domiZes the bits in a conventional manner. The serial bit 
stream output from scrambler 102 is provided to a serial 
to-parallel (S/P) converter 104. The bits provided in parallel 
at the output of converter 104 are applied to trellis encoder 
106, Which processes them in a manner to be described and 
provides a number of trellis encoded output bits to constel 
lation mapper 108. 
As described in further detail hereinbeloW, constellation 

mapper 108 provides channel signal points P” to a modulator 
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4 
110 by selecting the signal points from a predetermined 
constellation of signal points such as the constellation of 
FIG. 3. In particular, constellation mapper 108 uses a portion 
of the output bits—illustratively, Y2Y1Y0—from trellis 
encoder 106 to select a subset of the points of the signal 
constellation, such as the signal points labeled “A” in FIG. 
3, and uses the remaining output bits—illustratively, 
Y4Y3—to select a signal point from the selected subset, 
such as the signal point associated With the bit pattern 
01000. The selected signal point is provided to conventional 
pulse-shaping ?lter (not shoWn) and then to modulator 110. 
Modulator 110 modulates the sequence of selected signal 
points and provides a modem output signal onto a commu 
nication channel 112. 

In channel 112 the transmitted signal is subjected to 
intersymbol interference (“ISI”). It is also corrupted by 
so-called additive Gaussian noise. The resulting noise- and 
ISI-corrupted signal is ultimately delivered to receiving 
modem 200. 

Within receiving modem 200, the received signal is 
processed in a conventional manner by equaliZer/ 
demodulator 201 to generate a corrupted signal point P” 
from Which some of the intersymbol interference— 
principally the so-called precursors—has been removed. 
Signal point Pn is then processed by M-path joint DFE/ 
Viterbi decoder 202 to further equaliZe the signal— 
principally to remove so-called postcursors—and to decode 
the signal to recover the transmitted signal point. Decoder 
202 utiliZes the decoding technique of the present invention 
as described in detail hereinbeloW. At this point, decoder 202 
provides a ?nal decision Pn_D as to the value of a signal 
point transmitted D signal points earlier. The output of 
decoder 202, comprising the data bits corresponding to 
Pn_D, is provided to a parallel-to-serial (P/S) converter 204, 
descrambled in a conventional manner by a descrambler 
206, and received by destination source 208 (Which may be, 
for example, a mainframe computer or another PC). 

FIG. 2 is an illustrative implementation of trellis encoder 
106. The input to trellis encoder 106 from S/P converter 104 
comprises the four data bits Y1 through Y4 received during 
a so-called signaling interval of duration T. Trellis encoder 
106 is illustratively a systematic encoder, meaning that each 
of its input data bits passes through the encoder unchanged 
to become one of its output bits. Trellis encoder 106 has one 
additional output bit Y0—Which is the so-called redundant 
bit. In particular, encoder 106 is a ?nite-state machine in 
Which the encoder state is de?ned by the bit values currently 
stored in the three T-second delay elements. As seen from 
the FIG., the value of bit Y0 is a function of the current 
encoder state and the values of the current input data bits Y1 
and Y2. 
To this end, the three T-second delay elements are inter 

connected through tWo eXclusive-OR gates as shoWn. Since 
each of the three delay elements can contain a binary “0” or 
“1” at any point in time, the trellis encoder has 8 (=23) 
so-called states and indeed is referred to as an 8-state 
encoder. As each neW set of values of Y1 and Y2 arrives for 
each neW signaling interval, the bit values stored in the delay 
elements are updated, thereby advancing, or transitioning, 
the encoder to a neW state. This process is repeated for a 
succession of signaling intervals, With the encoder transi 
tioning through a sequence of states. 
The values of bits Y0 through Y4 determine Which signal 

point of a predetermined 32-signal-point constellation 
should be transmitted as signal point P”. That constellation 
is the one shoWn in FIG. 3. The constellation is comprised 
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of eight signal point subsets A through H, each in turn 
comprised of four signal points as shown. The values of bits 
Y0 through Y2 identify Which of the eight subsets signal 
point P” is to be taken from. The values of bits Y3 and Y4 
select as P” a particular one of the four signal points Within 
the identi?ed subset. The structure of encoder 106 is such 
that not all sequences of states can actually occur. As a 
result, not all sequences of the three-bit combination 
Y2Y1Y0 can actually occur. The overall consequence is that 
the signal points of the constellation of FIG. 3 are alloWed 
to be taken only from certain sequences of subsets. This 
constraint is What gives rise to a trellis-coded system’s 
enhanced immunity to noise and other channel impairments. 

The trellis diagram of FIG. 4 illustrates the operation of 
trellis encoder 106 from another perspective. The eight 
states of the trellis encoder 106 are denoted 0 through 7. The 
tWo vertical lines of points in FIG. 4 respectively represent 
the possible current and next encoder states. The trellis 
diagram de?nes, for each current encoder state, Which next 
states the encoder is alloWed to transition to. The lines, or 
branches, connecting various pairs of states indicate the 
alloWed state transitions. For example, the encoder can 
transition from current state 0 to any one of next states 0, 1, 
2 or 3 but not to any other state. 

Every branch in FIG. 4 bears a label indicating Which of 
subsets A through H the signal point being generated is to 
come from. Assume that the current state of the encoder is 
0 and that, after receiving a neW pair of input bits Y1 and Y2, 
the encoder is noW in state 1. This means that the next signal 
point to be output is to come from subset C since the line 
connecting state 0 in the left column to state 1 in the right 
column is labeled C. With the encoder noW in state 1 (the 
neW current encoder state), the encoder can transition to any 
of states 4, 5, 6 or 7, and thus the next signal point is 
constrained to come from one of the subsets E, G, F, or H, 
depending on Which state the encoder has transitioned to. 

As discussed earlier, a sequence of concatenations of 
trellis diagrams associated With a particular trellis code 
comprises a trellis. For example, FIG. 5 shoWs a portion of 
the trellis corresponding to the trellis diagram of FIG. 4. In 
particular, FIG. 5 represents four successive state transitions 
of the trellis encoder. The branches represent the possible 
transitions of the encoder from a current to a next encoder 
state. A sequence of signal points selected from any 
sequence of interconnected branches is a so-called path 
through the trellis. 
As noted earlier, joint DFE/decoder 202 in receiver 200 

subjects the received signal point P” to decision feedback 
equaliZation prior to performing its decoding. FIGS. 6 
through 9 shoW the Ways in Which a joint DFE/decoder is 
implemented in the prior art and, by contrast, pursuant to the 
principles of the present invention. 

FIG. 6 in particular shoWs the prior art approach to a joint 
DFE/decoder as disclosed, for example, in the above cited 
’117 patent. 

In the arrangement of FIG. 6, eight replicas of 13,, are 
formed and a respective estimated intersymbol interference, 
or ISI, component is subtracted from each replica by a 
respective one of adders 610, to produce equaliZed signals 
xnw) through xnw. The ISI components are provided by 
respective ones of decision feedback equaliZers 620, as 
described beloW. 

Viterbi decoder 630 of the DFE/decoder receives the 
equaliZed signals Xnw) through xnw and provides ?nal 
decision Fn_8 as to the value of a signal point received D=8 
signaling intervals ago. The so-called decoding depth of “8” 
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is used herein for purposes of illustration. In actual practice, 
the decoding depth depends on the code that is being used 
and Will typically be greater than 8. 
The representation of Viterbi decoder 630 in FIG. 6 

includes a representation of the trellis for the eight-state 
code in question and further shoWs the so-called surviving 
paths extending through the trellis, each surviving path 
being associated With, and terminating on, one of the eight 
states of the code, denominated 0, 1, . . . , and 7. The task 

of the Viterbi decoder is to determine What the most likely 
sequence of signal points actually Was, and central to that 
task in the prior art is to determine the most likely sequence 
of transmitted signal points leading into each state of the 
code at any point in time. These are the aforementioned 
surviving paths, and the signal points along each path 
constitute a sequence of tentative signal point decisions. A 
metric is maintained for each surviving path and, as 
described beloW, the current equaliZed signals xnw) through 
xnw are used to determine neW surviving paths having 
updated path metrics. A ?nal decision is thereupon made as 
to the value of one of the received signal points— 
speci?cally one that Was received (in this case) 8 signaling 
intervals earlier. Typically, the path having the smallest 
metric at this time—called the very best surviving path—is 
identi?ed. The signal point on that path 8 signaling intervals 
earlier is taken as the ?nal signal point decision. 

Each of DFEs 620 is associated With a particular one of 
the code states 0, 1, . . . , and 7. In particular, each DFE 

generates its aforementioned respective estimated ISI 
component, or ISI estimate, as a function of the tentative 
signal point decisions Which lie along the surviving path 
leading to the code state associated With that DFE. At this 
time, the ensemble of tentative signal point decisions along 
each neWly determined surviving path is applied to the 
associated DFE in preparation for the generation of ISI 
estimates to be applied to adders 610. In particular, as is Well 
knoWn, a DFE forms its ISI estimate by forming a combi 
nation (illustratively a linear combination) of the decisions 
that have been input to it using an ensemble of coef?cients 
Whose values typically are adaptively updated. Thus it Will 
be seen that each of the equaliZed signals xnw) through xnw 
is associated With a particular state of the code in that the ISI 
estimate that Was used to form that equaliZed signal Was 
generated as a function of the then surviving path leading to 
the state in question. 
The process by Which, as mentioned above, the current 

equaliZed signals xnw) through xnw are used to determine 
neW surviving paths having updated path metrics is carried 
out by updating unit 631 Within Viterbi decoder 630. FIG. 7 
shoWs the trellis diagram for the eight-state code used in this 
prior art example. The solid and dashed lines both constitute 
branches of the trellis diagram as Will be apparent as this 
description continues. 
At this point, the Viterbi decoding process proceeds to 

calculate so-called branch metrics for each of the (in this 
case) thirty-tWo current-to-next-state branches of the trellis 
diagram. The branch metric for each branch is given by the 
squared Euclidean distance betWeen one of the equaliZed 
signals Xnw) through xnw and the closest signal point in the 
subset associated With that branch. As shoWn in FIG. 7 
illustrative values of the thirty-tWo branch metrics are 0.3, 
0.2, 0.5, 0.1, . . . , 0.4, 0.3, 0.2 and 0.1. The particular one 
of the equaliZed signals xnw) through xnw that is used to 
calculate any given one of the branch metrics is the equal 
iZed signal associated With the state from Which that branch 
emanates. Thus as shoWn in the FIG., equaliZed signal xnw) 
is used in calculating the branch metrics for the branches 
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between current state 0 and next states 0, 1, 2, and 3; xnu) 
is used in calculating the branch metrics for the branches 
betWeen current state 1 and next states 4, 5, 6, and 7; and so 
on. There are thirty-tWo candidate paths at this point, four 
leading into each of the eight next states. Each candidate 
path has an associated metric given by the sum of the current 
path metric of the corresponding current state and the branch 
metric of the corresponding branch, the eight current path 
metrics illustratively being 0.2, 0.7, 0.0, 0.4, 0.1, 0.1, 0.5, 
and 0.2. The one of those four candidate paths having the 
smallest path metric is declared the neW surviving path for 
that state and the corresponding path metric becomes the 
neW path metric for that state. For example, the candidate 
paths leading into next state 0 from current states 0, 2, 4, and 
6 have metrics of 0.5 (0.2+0.3), 0.1 (0.0+0.1), 0.2 (0.1+0.1) 
and 1.2 (0.5+0.7), respectively, so that the second candidate 
path becomes the surviving path into next state 0. The 
branches shoWn in solid line Within updating unit 631 are the 
branches of the neW surviving paths. (As is Well knoWn, 
normaliZation or other techniques may be used at this point 
to prevent the values of the path metrics from becoming so 
large as to possibly cause register over?oW. HoWever, the 
neW path metrics shoWn in FIG. 7 are the pre-normaliZed 

values.) 
At this point the very best surviving path is that leading 

into state 0, it being the path With the smallest neW path 
metric. The aforementioned ?nal decision Fn_8 is noW 
output, it being the signal point on that very best surviving 
path from 8 signaling intervals earlier. 
We are noW in a position to understand the principles of 

the present invention. It Will be appreciated from the fore 
going that the ISI estimate generated by each DFE is a 
function of a respective surviving path through the trellis. As 
a result, each of the ISI-compensated signals xnw) through 
xnw is also a function of some surviving path. The branch 
metrics, in turn, are a function of the ISI-compensated 
signals. Ultimately then, the branch metric for branches 
Which extend from any given path are themselves a function 
of the path itself—actually the tentative decisions along that 
path. This all being so, I have come to recogniZe that of the 
tWo or more paths leading into a state, the path that has the 
smallest metric at a particular point in time may ultimately 
not have the smallest path metric once extended because the 
branch metrics for each branch—even though extending 
from the same state—are path-dependent and therefore 
different. Thus suppose, for example, that the four candidate 
paths entering state 0 have associated path metrics 0.5, 0.1, 
0.2 and 1.2, respectively. The prior art approach declares the 
second path the survivor and discards the remaining. 
HoWever, assume further that the smallest branch metric for 
a particular branch extending from state 0 is 0.3 When 
computing the branch metric to extend the second path and 
0.1 When computing the branch metric to extend the third 
path. (Again, the difference is a consequence of the fact that 
the ISI component calculation is itself path-dependent.) 
Thus the extended second and third paths Would have path 
metrics of 0.4 and 0.3, respectively, so that it noW appears 
that the third path—not any longer the second path—is the 
correct one. The prior art approach to identifying surviving 
paths, hoWever, Would never admit of such a possibility 
because, as just noted, the third path Would have been 
already discarded. 

The above discussion is illustrative of the more general 
observation that When a branch metric used to compute an 
extended path metric is a function of the path being 
extended, it is possible that a path leading into a state Which 
Was not the surviving path (in prior art terms) can nonethe 
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8 
less become a path With a loWer path metric once the path 
has been extended from that state. 

The present invention takes advantage of this observation. 
In accordance With the invention, neW surviving paths are 
some number of M (M>1) paths having the smallest path 
metrics, regardless of What state they are entering. Thus any 
number of the candidate paths coming into a state can be 
surviving paths, depending on the values of their path 
metrics relative to all other candidate paths. 

FIG. 8 shoWs a representation of the decoder portion 830 
of decoder 202 (FIG. 1) embodying the principles of the 
invention. As noted earlier, the present illustrative embodi 
ment utiliZes the eight-state trellis diagram of FIG. 4. In this 
example, the value of M is 2, that is, only tWo paths through 
the trellis are retained as surviving paths for each cycle of 
the decoder. Note that in tWo cases the M=2 surviving paths 
Were paths entering a particular one state—state 0 at the 
(n-5)”1 signaling interval and state 2 at the (n-1)“ signaling 
interval. 

Also shoWn in the FIG. is updating unit 831 Which 
computes branch metrics and updated path metrics in the 
manner described above vis-a-vis FIG. 7. Updating unit 831 
receives M=2 ISI-compensated versions of received signal 
point 13”, denoted xna) “'11) and xn(P“’h2). These are generated 
by respective DFEs (not shoWn) as in FIG. 6. The notation 
of the superscripts, Pathl and Path2, is used to emphasiZe 
the point that each ISI-compensated version of the received 
signal is associated With a different surviving path even if 
tWo or more paths enter the same state. 

The tWo paths entering state 2 at the (n-1)“ signaling 
interval are denoted 810 and 820. Updating unit 831 must 
noW consider eight candidate paths. Four of those paths are 
extensions of path 810 out of state 2 and transitioning to 
states 0, 1, 2, and 3 via branches 811, 812, 813, and 814 
respectively, consistent With the trellis diagram of FIG. 4. 
The other four paths are extensions of path 820 also out of 
state 2 and transitioning to the same states 0, 1, 2, and 3 via 
branches 821, 822, 823, and 824 respectively. It is assumed 
that When the branch metrics for branches 811, 812, 813, and 
814 Were computed, utiliZing xn(P“’h1) as the ISI 
compensated signal, the computed values Were 0.1, 0.6, 0.4, 
and 0.5 , respectively. Similarly, When the branch metrics for 
branches 821, 822, 823, and 824 Were computed, utiliZing 
xn(P“’h2) as the ISI-compensated signal, the computed values 
Were 0.2, 0.1, 0.6, and 0.7, respectively. Paths 810 and 820 
illustratively have respective path metrics of 0.0 and 0.2. 
Thus, the path metrics of the eight candidate paths, reading 
from top to bottom in the FIG., are 0.1, 0.4, 0.6, 0.3, 0.4, 0.8, 
0.5, and 0.9, respectively. The M=2 paths having the small 
est path metrics are thus path 810 extended along branch 811 
and path 820 extended along branch 822 since those tWo 
extended paths have the tWo smallest path metrics 0.1 and 
0.3. It Will be appreciated that if the branch metrics had been 
different, it is possible that both surviving paths might have 
been extensions of either path 810 or 820. Moreover, it is 
possible that both surviving paths, rather than terminating on 
different states—in this case, states 0 and 1—might have 
terminated on the same state. 

FIG. 9 provides a combined block diagram/functional 
description vieW of the DFE/decoder 202 Which incorpo 
rates the decoder of FIG. 8. Received signal point P” is 
processed at block 91 to produce an equaliZed signal asso 
ciated With each of the M surviving paths. That is, an 
equalized signal xn(P“’h k) is formed using a DFE Whose 
inputs are the tentative past decisions along the kth surviving 
path, k being 1, 2, 3,. . . , or M. 
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At block 93 equalized signal xn(P“’h k) is used to ?nd: a) 
the closest signal point in the subset associated With each 
branch, and b) the branch metric for each branch emanating 
from the state associated With the kth surviving path. Then, 
at block 95, a neW set of M best surviving paths are 
identi?ed, along With their path metrics. The one of the M 
surviving paths having the smallest metric at this time— 
called the very best surviving path—is identi?ed. At block 
97, tracing back along the very best surviving path, data 
corresponding to the aforementioned ?nal decision Pn_D as 
to the value of a signal point transmitted D signal points 
earlier is output. 

Experiments have shoWn that, advantageously, the path 
oriented approach of the present invention, When used in 
applications in Which the branch metrics are a function of the 
path from Which the branch emanates, provides a higher 
level of error rate performance than prior art arrangements 
for a given level of implementational complexity. In 
particular, the performance of the M-path joint DFE/decoder 
disclosed herein using the tWo-dimensional 8-state trellis 
coded 32-signal point coded modulation of the illustrative 
embodiment is shoWn in FIG. 10 for a particular ISI channel. 
In this ?gure, block error rate curves further to the left 
represent improved error rate performance. It may be 
observed that, using the present invention With M=2 pro 
vides slightly Worse error rate performance than the prior art 
approach disclosed in the ’117 patent. HoWever, the latter, 
since it requires 8 DFEs—one for each of the eight states—is 
implementationally much more complex than the former. 
Using the present invention With M=4 provides markedly 
higher error rate performance than the arrangement of the 
’117 patent While still featuring less complexity. And for 
comparable level of complexity, When M=8, the improve 
ment is even more dramatic. 

FIG. 11 shoWs a similar effect for a different ISI channel. 
It may be noticed that the experiments for that channel 
included the case of M=16, this being an embodiment of the 
invention in Which the number of paths retained as surviving 
paths is greater than the number of states. 

The foregoing merely illustrates the invention. Thus, for 
example, it Will be appreciated by those skilled in the art that 
the diagrams herein represent conceptual vieWs of illustra 
tive circuitry embodying the principles of the invention. The 
functions of the various elements shoWn in the FIGS. Would, 
in preferred embodiments, be implemented by one or more 
programmed processors, digital signal processing (DSP) 
chips, or the like rather than individual hardWare elements. 

In the claims hereof any element expressed as a means for 
performing a speci?ed function is intended to encompass 
any Way of performing that function including, for example, 
a) a combination of circuit elements Which performs that 
function or b) softWare in any form (including, therefore, 
?rmWare, microcode or the like) combined With appropriate 
circuitry for executing that softWare to perform the function. 
The invention as de?ned by such claims resides in the fact 
that the functionalities provided by the various recited 
means are combined and brought together in the manner 
Which the claims call for. Applicant thus regards any means 
Which can provide those functionalities as equivalent as 
those shoWn herein. 

It Will be appreciated that those skilled in the art Will be 
able to devise various arrangements Which, although not 
explicitly shoWn or described herein, embody the principles 
of the invention and thus are Within its spirit and scope. 

I claim: 
1. A method for use in a decoder for decoding a sequence 

of signal points corrupted by intersymbol interference, said 
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10 
signal points having been generated using a particular trellis 
code de?ned by a trellis diagram, the method comprising the 
steps of 

a) generating in response to each received signal point a 
plurality of equaliZed signal points, each equaliZed 
signal point being generated as a function of a respec 
tive estimate of the intersymbol interference compo 
nent of said each received signal point, each estimate 
being a function of a respective present surviving path 
of said decoder, 

b) generating a path metric for each of a plurality of 
candidate paths, each candidate path comprising a 
respective one of the present surviving paths extended 
from its respective terminating state of the trellis code 
along a branch of said trellis diagram, said generated 
path metrics being a function of said generated equal 
iZed signal points, 

c) selecting ones of the candidate paths to be updated 
surviving paths, said selected ones of the candidate 
paths having the smallest overall path metrics relative 
to all candidate paths, 

d) forming a decision as to a particular one of the signal 
points of said sequence as a function of at least one of 
the candidate paths. 

2. The method of claim 1 Wherein in step a) said each 
estimate is formed by a decision feedback equaliZer Which 
utiliZes as its input decisions tentative decisions as to the 
values of said sequence of signal points Which lie along the 
respective present surviving path. 

3. The method of claim 1 Wherein in step b) each said 
generated path metric for one of said candidate paths is 
based on an existing path metric for said respective present 
surviving path and a branch metric associated With said 
respective branch of said candidate path, said branch metric 
being a function of at least one said generated equaliZed 
signal point. 

4. The method of claim 3 Wherein each of the branches of 
said trellis diagram is associated With a respective subset of 
signal points of a signal constellation and Wherein in step b) 
each said branch metric is a function of the distance betWeen 
each said equaliZed signal point and the closest signal point 
in the subset associated With each said particular branch. 

5. The method of claim 1 Wherein in step d) said one of 
the candidate paths is an updated surviving path. 

6. In a method for use in a decoder Wherein surviving 
paths are determined as a function of path metrics associated 
With respective candidate paths, the improvement compris 
ing: 

retaining as surviving paths a number of said candidate 
paths having the smallest overall path metrics relative 
to all of said candidate paths. 

7. The invention of claim 6 comprising the further step of 
receiving a succession of signal points, said path metrics 
being determined as a function of said received signal 
points, and Wherein said retaining is performed for each 
received signal point. 

8. The invention of claim 7 Wherein each said candidate 
path includes a respective one of current surviving paths and 
each of said path metrics associated With said candidate 
paths is a function of the sum of a) the path metric associated 
With said respective current surviving path and b) a branch 
metric associated With a respective branch extending said 
respective current surviving path, each of said branch met 
rics being a function of one of said received signal points 
and of said respective current surviving path. 

9. The invention of claim 6 Wherein said retaining step is 
performed for each of a succession of iterations of said 
decoder. 
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10. The invention of claim 6 wherein said decoder oper 
ates on a received version of transmitted signal points, said 
signal points having been generated using a predetermined 
code de?ned by a trellis, said trellis having a plurality of 
states. 

11. The invention of claim 10 Wherein said candidate 
paths being retained as surviving paths are selected inde 
pendent of Whether more than one of said candidate paths 
enter the same state. 

12. The invention of claim 6 further comprising 
receiving a succession of signal points, and 
forming a decision as to the value of a previously received 

one of said signal points as a function of at least one of 
said candidate paths. 

13. The invention of claim 12 Wherein said one of said 
candidate paths is a surviving path. 

14. A method for decoding a stream of signal points, said 
signal points having been generated using a predetermined 
trellis code de?ned by a state transition diagram, said 
method comprising the steps of 

a) maintaining a path metric associated With each of a 
plurality of surviving paths through the code trellis, 
each of said surviving paths terminating on a particular 
state of the code, 

b) responsive to a received one of said signal points, 
generating an updated path metric for each of a plu 
rality of candidate paths, each candidate path compris 
ing a respective one of the surviving paths extended 
from that surviving path’s terminating state along a 
branch of said trellis, 

c) identifying those M candidate paths having the smallest 
overall updated path metrics relative to all candidate 
paths as neW surviving paths, M being an integer, and 

d) forming a decision as to the value of a previously 
received one of said signal points as a function of at 
least one of said candidate paths. 

15. The invention of claim 14 Wherein in step d) one of 
said candidate paths is one of said neW surviving paths. 

16. The invention of claim 14 Wherein in step b) each of 
said updated path metrics for said candidate paths is a 
function of a branch metric associated With said branch 
along Which the respective surviving path is extended, each 
of said branch metrics being a function of the respective 
surviving path. 

17. The invention of claim 16 Wherein each of the 
branches of the trellis is associated With a respective subset 
of signal points of a signal constellation and Wherein each 
said branch metric is further a function of the distance 
betWeen each said received signal point and the subset 
associated With each said particular branch. 

18. The invention of claim 14 Wherein step b) further 
comprises generating at least one version of the received 
signal point, each of said versions being a function of a 
particular surviving path, and 

each of said updated path metrics of respective extended 
surviving paths being functions of at least one of said 
generated versions. 
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19. The invention of claim 18 Wherein each of said 

generated versions is formed by a decision feedback equal 
iZer Which utiliZes as its input decisions tentative decisions 
as to the values of said stream of signal points Which lie 
along the respective particular surviving path. 

20. Apparatus comprising 
means for receiving signal points having been generated 

using a code characteriZed by a trellis, said trellis 
having a plurality of states and paths, and 

means for determining a path metric associated With every 
path entering a state and for retaining a number of 
surviving paths, said surviving paths being ones of said 
paths associated With the smallest overall path metrics 
relative to all of said paths. 

21. A method for use in a decoder for each of a plurality 
of received signals Which Was encoded With a trellis code, 
said decoder maintaining a plurality of surviving paths 
through the trellis of said trellis code, each of said surviving 
paths having an associated path metric, comprising the steps 
of 

utiliZing a value of each said received signal to generate 
at least one extended version of said surviving paths 
through said trellis and to update the path metric for 
each said extended version, and 

retaining as neW surviving paths ones of said extended 
versions, said neW surviving paths being those ones of 
said extended versions With the smallest overall path 
metrics relative to all of said extended versions. 

22. The invention of claim 21 Wherein each of said 
updated path metrics is a function of said respective surviv 
ing path from Which extended version is generated. 

23. A method for use in a decoder comprising 

a) receiving a stream of signal points, said signal points 
having been generated using a trellis code, 

b) responsive to each received signal point, computing a 
branch metric for at least ones of the branches associ 
ated With a transition from a current state to a next state 

of said code, 
c) computing a path metric at said next state for each of 

a plurality of paths through said trellis, each said path 
including a respective one of said branches, said path 
metric being a function of said branch metric for said 
respective included branch, said branch metric being a 
function of said received signal point and of a portion 
of said path Which includes said respective branch, said 
portion of said path terminating at said current state, 

d) retaining ones of said paths Which include said 
branches as surviving paths, said surviving paths hav 
ing the smallest overall path metrics relative to all of 
said paths, and 

e) forming a decision as to an individual one of said signal 
points as a function of at least a particular one of said 
paths Which include said branches. 

24. The invention of claim 23 Wherein in step e) said 
particular one of said paths Which include said branches is 
one of said surviving paths. 

* * * * * 


